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Summary

With the aim o f quantifying the genotype-environment interaction (GEI) and the phenotypic stability 

in multibreed bovine population of the Colombian Northwest, registries from 16 herds located in three 

agroecological regions (E1, E2, E3) from low tropic systems (humid subtropic forest, humid tropic forest and 

dry tropic forest, were collected from 1995 to 2007. Weight at 12-mo (W12), weight at 18-mo (W18), and weight 

at 24-mo (W24), were evaluated with 1806, 1455, and 1197 data, 14, 11, and 10 genetic groups respectively; 

animals of the breeds and crossbred between Angus (A), Blanco Orejinegro (B), Zebu (Z), Holstein (H), 

Romosinuano (R), and Senepoll (S) were used. In a mixed model, the fixed effects of contemporary group 

(year-season-sex) and the age covariate were used, which showed a significant effect (p<0.001) on the three 

traits. Random effects were region, genetic group (breed or crosses), and GEI, but the last one (GEI) showed 

significant effect (p<0.05) for this last one. The Shukla’s variance in Bayesian methodology was used for 

the phenotypic stability analysis. The results indicated that the groups with high proportion of Zebu were 

associated with E2 and groups with greater levels of Romosinuano were associated with E3. Holstein and 

Blanco Orejinegro tended to give greater phenotypic stability than the groups that used these breeds.

Key words: bayesian methodology, beef cattle, phenotypic stability, variance components.
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Resumen

Con el objetivo de cuantificar la interacción genotipo-ambiente (IGA) y la estabilidad fenotípica en una 

población bovina multirracial del noreste colombiano, se usaron registros de 16 rebaños localizados en tres 

regiones agroecológicas  del trópico bajo: bosque húmedo subtropical (R1), bosque húmedo tropical (R2)  

y bosque seco tropical (R3),  entre los años 1995 y 2007. Los pesos fueron evaluados a los 12 (P12), 18 

(P18) y  24 meses (P24), con 1806, 1455 y 1197 datos, y 14, 11 y 10 grupos genéticos, respectivamente. 

Fueron usados animales puros y cruzados entre las razas Angus (A), Blanco Orejinegro (B), Cebú (C), 

Holstein (H), Romosinuano (R) y Senepol (S). Se utilizó un modelo mixto, en el que los efectos fijos de grupo 

contemporáneo y la edad presentaron efecto significativo (p<0.001) sobre las tres características. Los efectos 

aleatorios fueron región, grupo genético (raza o cruce) e IGA, la que presentó efecto significativo (p<0.05). 

Para el análisis de estabilidad fenotípica se utilizó la varianza de Shukla mediante metodología bayesiana. 

Los resultados indican que los grupos genéticos con altas proporciones de Cebú fueron asociados con R2 y 

los grupos genéticos con altos niveles de Romosinuano fueron asociados con R3. Las razas Holstein y Blanco 

Orejinegro tendieron a dar mayor estabilidad fenotípica a los grupos donde estas razas fueron usadas.

Palabras clave: componentes de varianza, estabilidad fenotípica, ganado de carne, metodologías 

bayesianas. 

Resumo

Com o propósito de quantificar a interação genótipo ambiente (IGA) e estabilidade fenotípica em 

populações bovinas multiraciais no trópico baixo colombiano foram utilizados registros desde 1995 até 

2007 de 16 fazendas localizadas em três regiões agroecológicas: bosque subtropical úmido (E1) bosque 

tropical úmido (E2) e bosque tropical seco (E3). Foram avaliadas o peso aos 12, 18 e 24 meses, com 

1806, 1455 e 1197 registros, respectivamente de 10 grupos genéticos das raças Angus, Blanco Orejinegro, 

Zebu, Holandês, Romosinuano e Senepol. O Modelo mixto utilizado incluiu os efeitos fixos de grupo 

contemporâneo (ano, época e sexo) e a idade como covariavel, os quais foram significativos (p<0.001) 

nas três características. Foram considerados os efeitos aleatórios de regiao, grupo genético e a interação 

(GEI), onde este último foi significativo. A analise de estabilidade fenotípica foi realizada utilizando 

a variância de Shukla por metodologia Bayesiana. Os resultados indicaram que os grupos com maior 

proporção de Zebu foram associados com E2 e os grupos com maior proporção de Romosinuano foram 

associados com E3. Os animais que tinham composição racial de Holandês e Blanco Orejinegro tiveram 

maior estabilidade fenotípica que os outros grupos raciais.

Palavras chave: metodologia bayesiana, gado de corte, estabilidade fenotípica, componentes de variância.

Introduction

The genetic evaluation of animals according to 

the performance of their pure and crossbred progeny 

is becoming a priority for Colombian producers. To 

make these evaluations, several models have been 

proposed. These models allow comparisons among 

animals with different breed composition (Elzo 

and Famula, 1985; Arnold et al., 1992). However, 

it is important to consider the possible genotype-

environment interactions when these evaluations are 

conducted under different environmental conditions 

(Falconer and Mckay, 1996). 

The genotype-environment interaction (GEI) 

has been defi ned as the variation in the relative 

performance of a trait, expressed by two or more 

genotypes, when it is measured under two or more 

environments. These interactions can represent 

either changes in the genotype classifi cation 

order and/or changes in the absolute and relative 

variances (genetic, environmental and phenotypic) 

for diverse environments (Falconer, 1952; Falconer 

and Mckay, 1996; Hunh, 1996; Kang and Magari, 

1996).

In order to estimate the presence of GEI for 

economically important traits in bovines, the 

following methodologies have been used: a) To 

consider the GEI as a random effect in the model 

(Shukla, 1972; Meyer, 1987; Magari and Kang, 

1997; Piepho, 1999). b) To use multi-trait analysis, 
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which considers animal performance in each 

environment as different traits, and estimating 

the genetic correlation among them (Dickerson, 

1962; Schaeffer, 2001). c) To model the variation 

in phenotypic performance under the different 

environments, this is named reaction norm (Lynch 

and Walsh, 1998).

The Shukla’s variance allows to assess 

the study of GEI, and to use the Bayesian 

Methodology for estimating the model with 

the Shukla’s variance to improve the selection 

of genotypes by high yield and phenotypic 

stability and it is more appropriate when the prior 

information is available (Cotes et al., 2006).

On the other hand, Su et al. (2006) proposed 

the use of reaction norms under Bayesian 

analysis in order to achieve better parameters 

for interpreting GEI. This research was carried 

out to estimate GEI and the phenotypic stability 

in multibreed beef cattle production, located in 

different agroecological regions of the Colombian 

Northwest.

Materials and methods

The Animal Care and Use Committ ee approval 

was not obtained for this study, because the data 

were obtained from an existing database in La 

Leyenda farm.

Three agroecological regions (environments) 

were considered: The fi rst one (E1) was located 

in the Southwest region of Antioquia department 

(altitude: between 500 and 800 m above sea level; 

yearly average temperature: 27 ºC; precipitation 

around 2050 mm/yr). The zone was classifi ed 

as sub-tropical humid forest (bh-ST; Holdridge, 

1996). Soils were very fertile and 60% of the 

lands were undulated. The second region (E2) 

was located in the border between Antioquia and 

Córdoba departments (altitude: between 60 and 

150 m above sea level; yearly temperatures ranged 

from 28 ºC to 30 ºC; precipitation: from 2000 to 

2200 mm/yr). The zone was classifi ed as tropical 

humid forest (bh-T; Holdridge, 1996). Soil fertility 

ranged from low to very low, and the land was 

mostly fl at. The last region (E3) was located in 

Córdoba and Sucre departments (altitude: between 

0 and 150 m above sea level; yearly temperature 

ranged from 27 to 32 °C; precipitation ranged 

from 1000 to 1400 mm/yr). This zone was 

classifi ed as tropical dry forest (bs-T; Holdridge, 

1996), and its soils were fairly fertile and the land 

is mostly fl at. 

Data from 16 herds managed by the company 

Custodiar S. A. were used. Four of them were raised 

in E1, six in E2 and six in E3.  All animals were 

born one herd located in E2, after weaning, most of 

the female calves stayed in this farm while all males 

were distributed in the other farm and environments 

(Table 1).

Records used corresponded to animals born 

between years 1995 and 2006, with weight at 

weaning 12, 18, and 24, months of age. Animals 

used included several crossbreeds of Angus (A), 

Blanco Orejinegro (B), Zebu (Z), Romosinuano 

(R), Senepoll (S), and Holstein (H) (Table 1). 

Zebu included commercial crossbred Bos indicus 

cattle of Brahman, Guzerat, and Nellore origins, 

and Brahman sires imported from the USA. For 

all evaluated traits, each genetic group had at least 

10 animals in two of the agroecological regions 

(Table 1). 

After fi ltering the original data base, 14 groups 

were analyzed for weight at 12 months of age 

(W12), with 1806 records and ages between 315 

and 415 days; 11 groups were analyzed for weight 

at 18 months of age (W18) including 1455 records 

and ages between 500 and 600 days; fi nally 10 

groups were analyzed for weight at 24 months of 

age (W24) with 1197 records and ages between 680 

and 780 days.
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Table 1. Best linear unbiased predictors (kg) by genetic group and agroecological region for W12, W18, and W24 in multibreed beef cattle in Colombia.

Genetic 

group

W12 W18 W24

E1 E2 E3 E1 E2 E3 E1 E2 E3

ABAZ 16.75B (20) -12.52 (27) 30.07B (15) -24.69W (11)

AZAZ -11.86 (20) -14.28W(28) -2.07 (13) -39.09W (29) -23.14W (20) -15.24 (68) -10.87 (16)

ABZ -15.22W (13) -2.70 (15) -7.17W (10) -25.13W (15) -58.74W (15) -19.12W (11)

AZA -16.02W (18) -13.46W (17)

AZ 7.89 (50) 6.84 (154) 7.16B (25) 14.57 (71) 15.19B (128) 50.71B (22) 33.46B (105) 22.43B (176)

BAZ -2.01 (59) 3.48 (143) -5.22 (80) -3.59 (113) 3.98 (78) -7.97 (126) -6.07 (54) -3.45 (50) -18.86 (104)

BZ 2.52 (35) -0.72 (84) 20.15 (52) 13.24B (60) 11.30 (14) 29.41 (23) 18.07B (54) -8.91 (11)

ZAZ 19.47B (42) 5.50 (145) 8.78B (35) 9.28 (66) 8.21 (41) 10.37 (32) 39.29B (83) 13.88 (71) 28.30B (10)

Z -6.39 (11) -8.68 (139) -5.46W (24) -30.77W (39) -7.92 (76) -3.86 (42) -26.13W (38) 17.06 (97) -33.21W (22)

HZ 18.35B (130) 2.50 (131) -6.02 (19) -29.49W (148) -3.04 (10) 16.35 (44)

RAZ 4.45 (25) -3.78 (78) 6.79 (49) -14.02 (35) -11.53 (27) -23.25 (71) -22.65 (48) -31.30W (16) -7.76 (30)

RZ -4.08 (14) -2.55 (84) -0.70 (14) 11.18 (19) 10.67 (53) 41.60B (16) 7.26 (16) 36.72B (10)

SAZ 3.48 (18) 7.45 (12)

SZ -1.41 (16) 10.26B (28) 23.79B (15) -24.24W (17)

Effects of genetic group, environment, 

genetic group by environment interaction, and 

the residual were considered random effects and 

were considered to be normally distributed with 

mean zero and variances: Iσ
γ

2, Iσ
υ

2, Iσ
δ

2  and Iσ
ε

2, 

respectively. For estimating all parameters in model 

[1] the MIXED procedure of SAS (2006) program 

was used.

The Shukla’s variance (Shukla, 1972) and 

Bayesian method proposed by Cotes et al. (2006) 

was used. Thus, model [1] was modifi ed as follows:

y=X
1 
è + X

2
β + Z

1
ã + Z

2
õ

 
+  Z

3(k)
ä

k
 + å  [2]

Where:

Z
3(k) 

and ä
k
 = incidence matrix and vector of 

genetic group by environment interaction effects 

for the kth group (k=1,2,…,g). This model [2] 

assumes heterogeneity variance for kth genetic 

group among environments. Thus, the effects ä
k
 

were considered to be normally distribution with 

mean zero and variances Iσ
δ

2

(k)
 (Kang and Magari, 

1996; Magari and Kang, 1997; Piepho, 1999; 

Cotes et al., 2006).

The Bayesian estimation included a non-

informative prior distribution for all the parameters, 

as follows:

Remark in parenthesis is the number of animal 

for genetic group. Superscript in the same column 

indicates better (B) and worst (W) genetic groups for 

each agroecological region.

Contemporary groups were formed by sex (male 

or female), season (dry, from December to March; 

wet, from April to November) and year of weighting 

(from 1995 to 2007). 

The following mixed model was used to analyze 

W12, W18 and W24:

y = X
1 
è + X

2
β + Z

1
ã + Z

2
õ

 
+  Z

3
ä + å [1]; 

Where: 

y  = vector of records of weights;

X
1  

= design matrix related with the effect of 

contemporary group è;

X
2
 and β = design matrix and regression 

coeffi cient of animal age (covariate), respectively;

Z
1
 and ã = incidence matrix and vector of  

genetic group effects, respectively;

Z
2
 and õ = incidence matrix and vector of 

environment effects, respectively;

Z
3
 and ä = incidence matrix and vector of 

genetic group by environment interaction effects, 

respectively;

å  = vector of residuals.
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è ~ N(0,10000);

β ~ N(0,10000); 

ã|σ
γ

2 ~ N(0, Iσ
γ

2);

υ|σ
υ

2  ~ N(0, Iσ
υ

2);

δ
(k) 

|σ
δ

2

(k) 

 ~ N(0, Iσ
δ

2

(k) 
); 

σ
γ

2 |ν
γ 
, S

γ

2 ~ inv-Scaled - χ 2 (0.1,0.0001);

σ
υ

2 |ν
υ 
, S

υ

2 ~ inv-Scaled - χ 2 (0.1,0.0001);

σ
δ

2

(k)

 |ν
δ (k) 

, S
δ

2

(k)

 ~ inv-Scaled - χ 2 (0.1,0.0001);

σ
δ

2

(k)

 |ν
δ (k) 

, S
δ

2

(k)

 ~ inv-Scaled - χ 2 (0.1,0.0001); 

Table 2. Estimated variances for genetic group, agroecological region and their interaction effects for W12, W18, and W24 in 

multibreed beef cattle in Colombia.

Parameters W12 W18 W24

σ
γ

2 41.30±34.49 ns 206.34±176.29 ns 362.65±268.70 ns.

σ
υ

2 131.28±140.49 ns 307.12±354.44 ns 1090.76±1151.58 ns

σ
δ

2 70.11±30.98* 361.43±159.94* 392.54±185.29*

σ
ε

2 701.15±23.79** 1445.95±54.87** 1865.80±78.27**

Percent of GEI variance

(σ
δ

2/( σ
δ

2+ σ
γ

2+ σ
υ

2 + σ
ε

2 )
7.43% 15.57% 10.58%

ns: Non-significant (p>0.05); *: Significant (p<0.05); **: Highly significant (p<0.01); σ
γ

2

 
: Variance of genetic group; σ

υ

2

 
: Variance 

of agroecological region; σ
δ

2 
: variance of genetic group by agroecological region interaction; σ

ε

2 
: Variance of error.

Where Inv-Scaled-χ2
 indicates a scaled inverse-

chi-square. Samples of joint posterior distribution 

were obtained using GIBBS sampler, which was 

programmed in SAS/IML (2006).

Results

Both, age covariate and c ontemporary group 

effect were highly signifi cant (p<0.001) for W12, 

W18, and W24 (Table 2). GEI was observed 

between genetic group and agroecological region 

(p<0.05) for the three evaluated traits. Main effects 

of genetic groups and agroecological region were 

non-signifi cant (Table 2). 

Genetic group by agroecological region 

interaction

Weight at 12 months of age

Agroecological region 1 (E1). Genetic groups of 

highest performance for W12 were ZAZ and ABAZ 

(Fig. 1). These groups did not show signifi cant 

differences (p>0.05) among themselves, but both 

of them had signifi cant differences (p<0.05) with 

the rest of genetic group. AZA, ABZ, and AZAZ 

groups showed the lowest performance, and had not 

signifi cant differences (p>0.05) among themselves 

(Figure 1).

Agroecological region 2 (E2). HZ, SZ, SAZ, 

AZ, and ZAZ groups had a highest performance 

(although a non-signifi cant difference was observed 

among themselves; p>0.05). The HZ group showed 

signifi cant differences from groups whit the lowest 

performance (AZAZ, AZA, ABAZ, Z, RAZ, and 

RZ; Figure 1a).

Agroecological region 3 (E3). A non-signifi cant 

difference was observed among genetic groups 

(p>0.05).

Phenotypic stability analysis. The genetic group 

BAZ, RAZ, HZ, and ZAZ showed a high stability, 

with low variances (Table 3). Groups with high 

variances and low stability were ABZ and ABAZ 

(Figure 2). 

Performance and stability analysis. 

Summarizing the results for W12, group ABAZ has 

high performance in E1, but also a low performance 

in E2, underlying the importance of GEI analysis. 

ZAZ group performed well in E1 and E2, while 

ABZ (the least stable group) performed poorly. 
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Figure 1. Best linear unbiased predictors (BLUP) for the genetic group effect and genetic group by ecological 

zone interaction (GxE) effect for W12 (a), W18 (b), and W24 (c) in multibreed beef cattle in Colombia.
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Genetic groups with crosses between Angus 

(A), Blanco Orejinegro (B), Zebu (Z), Holstein 

(H), Romosinuano (R) and Senepoll (S); 1 

(Agroecological region 1); 2 (Agroecological 

region 2); 3 (Agroecological región 3); (Genetic 

group of the sire)x(Genetic group of the dam): 

ABAZ (25%Ax25%B)x(25%Ax25%Z); 

AZAZ (37,5%Ax12,5%Z)x(25%Ax25%Z); 

ABZ (50%A)x(25%Bx25%Z); AZA (50%A)

x(37,5%Zx12,5%A); AZ (50%A)x(50%Z); 

BAZ (50%B)x(25%Ax25%Z); BZ (50%B)

x(50%Z); ZAZ (50%Z)x(25%Ax25%Z); Z 

(50%Z)x(50%Z); HZ (50%H)x(50%Z); RAZ 

(50%R)x(25%Ax25%Z); RZ (50%R)x(50%Z); 

SAZ (50%S)x(25%Ax25%Z); SZ (50%S)

x(50%Z).

When BLUP of genetic group and GEI effects 

are graphically confronted for W12 (Figure 1a), 

it was found that ABAZ group in E1 (on the right-

upper quadrant) had the highest BLUP. However, 

it was the lowest performance and had the lowest 

stability (Figure 2). Although had a positive 

BLUP, ABAZ group was located near the mean, 

and was exceeded by ZAZ, HZ, and AZ groups. 

These groups did not show important performance 

differences between zones and showed high 

stability. Regarding the low performance groups 

(left-lower quadrant), AZA had the lowest BLUP 

value and intermediate stability where it was 

evaluated. Groups such as AZAZ and Z showed 

intermediate stability and had low performance 

in most zones. The group ABZ (the least stable) 

showed only one positive BLUP, although it was 

close to the mean in E2.

Figure 2. A posteriori distribution of the Shukla variance for genetic groups effects with higher and lower phenotypic stability for a) W12, b) W18, and c) W24 

in crossbred beef cattle located in three regions in Colombia.
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Table 3. Shukla (σδ

2 
(K)) phenotypic stability variance and confidence limits (90%) by genetic group for W12, W18, and W24 in multibreed 

beef cattle in Colombia.Values in parenthesis indicate confidence limits (90%).

Genetic group Estimate

W12 W18 W24

ABAZ
1479,24 

(134.28 – 5276.93)

6037,13

(343.75 -24111.86)

ACAZ
564,41

(16.12 – 2204.78)

1351.80

(27.02 – 5471.65)

849.16

(13.78 – 3424.96)

ABZ
5018,58

(70.56 – 22544.75

2009.59

(44.45 – 7541.06)

AZA
596,91

(14.51 – 2344.82)

AZ
598.73

(158.69 – 1477.93)

3906.58

(454.16 – 11649.37)

1190.41

(122.30 – 3977.93)

BAZ
173.74

(9.31 – 598.35)

1151.18

(649.96 -1891.12)

686.17

(29.68 – 2591.70)

BZ
301.75

(21.37 – 1067.42)

271.64

(4.49 – 1082.09)

1818.48

(177.79 – 6421.49)

ZAZ
202.99

(13.69 -687.07)

1725.74

(116.09 -6519.15)

218.27

(3.95 – 876.95)

Z
598.32

(173.80 – 1413.41)

568.50

(39.18 – 2051.89)

2315.94

(399.39 – 7019.70)

HZ
184.43

(22.94 – 597.54)

237.31

(7.32 – 889.05)

303.26

(4.01 – 1155.63)

RAZ
175.66

(8.04 – 663.39)

1267.95

(171.43 – 4014.64)

1694.33

(116.64 – 6100.81)

RZ
599.18

(93.23 – 1842.41)

1152.32

(131.51 – 3928.54)

1404.48

(24.32 -  5809.20)

SAZ
417.28

(6.45 – 1608.31)

SZ
250.54

(5.22 -996.50)

3484.18

(218.77 – 13288.81)

Genetic group Estimate

W12 W18 W24

ABAZ
1479.24

(134.28 – 5276.93)

6037.13

(343.75 -24111.86)

ACAZ
564.41

(16.12 – 2204.78)

1351.80

(27.02 – 5471.65)

849.16

(13.78 – 3424.96)

ABZ
5018.58

(70.56 – 22544.75

2009.59

(44.45 – 7541.06)

AZA
596.91

(14.51 – 2344.82)

AZ
598.73

(158.69 – 1477.93)

3906.58

(454.16 – 11649.37)

1190.41

(122.30 – 3977.93)

BAZ
173.74

(9.31 – 598.35)

1151.18

(649.96 -1891.12)

686.17

(29.68 – 2591.70)

BZ
301.75

(21.37 – 1067.42)

271.64

(4.49 – 1082.09)

1818.48

(177.79 – 6421.49)

ZAZ
202.99

(13.69 -687.07)

1725.74

(116.09 -6519.15)

218.27

(3.95 – 876.95)

Z
598.32

(173.80 – 1413.41)

568.50

(39.18 – 2051.89)

2315.94

(399.39 – 7019.70)

HZ
184.43

(22.94 – 597.54)

237.31

(7.32 – 889.05)

303.26

(4.01 – 1155.63)

RAZ
175.66

(8.04 – 663.39)

1267.95

(171.43 – 4014.64)

1694.33

(116.64 – 6100.81)

RZ
599.18

(93.23 – 1842.41)

1152.32

(131.51 – 3928.54)

1404.48

(24.32 -  5809.20)

SAZ
417.28

(6.45 – 1608.31)

SZ
250.54

(5.22 -996.50)

3484.18

(218.77 – 13288.81)
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Weight at 18 months of age

Agroecological region 1 (E1). ABAZ, SZ, 

and BZ genetic groups had the best performance 

for W18. AZAZ and Z genetic groups were the 

worst performers for W18 (Figure 1b), and a 

non-signifi cant difference was found between 

themselves (p>0.05), but showed signifi cant 

differences from the others groups (p<0.05).

Agroecological region 2 (E2):  the AZ group had 

the best performance (Figure 1b). Groups ABAZ 

and AZAZ were the worst performance, and non-

signifi cant difference was found between them 

(p>0.05).

Agroecological region 3 (E3). AZ and RZ groups 

showed the best BLUP values and were signifi cantly 

different (p<0.05) from the rest of genetic groups 

(Figure 1b). HZ, SZ and RAZ groups were the worst 

performance. The RZ group had a good BLUP in 

this zone, while RAZ had a negative BLUP. F1 

groups, such as HZ and SZ, performed poorly.

Phenotypic stability analysis. HZ and BZ 

groups were the most stable for W18 (Table 3), 

with relatively lower variances. On the other hand, 

ABAZ, AZ, and SZ groups were the least stable, 

with higher variances (Figure 2). Some F1 were the 

most stable groups (HZ and BZ), although some 

other F1 groups showed lower stability (AZ and SZ). 

Performance and stability analysis. ABAZ 

group had high performance in E1 but showed the 

lowest performance in E2. In the same way, SZ 

group had good performance in E1, but showed bad 

performance in E3. 

AZ group had a good performance in E2 and E3, 

while BZ group had a poor performance in E1 and 

E2. However, AZAZ had a low performance in both 

environments.

When BLUP of main effect of the genetic group 

was confronted with BLUP for GEI effect (Figure 

1b), AZ and RZ groups in E3 (located in the right-

upper quadrant) had the highest BLUP, although 

both of them showed negative BLUP in E1 and E2. 

Group AZ was one of the least stable (Figure 2), 

while RZ had medium stability, which made BZ and 

ZAZ the best alternatives. These last two groups had 

positive BLUP values, but close to zero. Stability 

was high and medium for BZ and ZAZ groups, 

respectively (Table 3). As observed for W12, ABAZ 

had a good performance in E1, but had the worst 

performance in E2. 

Regarding the groups with low performance 

(Figure 1b, left-lower quadrant), AZAZ had 

the lowest BLUP values and presented medium 

stability. Medium stability groups, such as RAZ 

and Z, had lower BLUP in most environments. HZ 

group, the most stable (Figure 2), had only one 

positive BLUP, although it was close to the average 

in E2, but it had the worst performance in E3.

Weight at 24 months of age

Agroecological region 1 (E1).  ZAZ, AZ, and 

BZ genetic groups were the best groups for W24 

(Fig. 1c). These groups did not show signifi cant 

difference from the groups of worst performance 

(p>0.05; Z, ABZ, and RAZ). In the groups of worst 

performance a non-signifi cant difference was found 

among themselves (p>0.05). 

Zebu and BZ, AZ, and ZAZ groups had good 

performance in this environment. On the other hand, 

Z, ABZ, and AZAZ groups had negative values of 

BLUP. 

Agroecological region 2 (E2). Genetic 

groups with high performance were AZ, 

BZ, Z and ZAZ (p>0.05). Genetic groups 

with low performance were ABZ and RAZ 

(p>0.05). There was signifi cant difference 

between these groups (p<0.05) (Figure 1c).

Similar to W12 and W18, F1 groups with dam Z 

had a high performance mating with Bos taurus 

and ZAZ. Contrary to W12 and W18 result, Zebu 

demonstrated to be a good option here. The ABZ 

group showed low BLUP, as for W12, in this 

agroecological region. 

Agroecological region 3 (E3. The RZ and 

ZAZ groups were the best performance groups 

(Figure 1c), but a non-signifi cant difference between 

themselves (p>0.05) was found, but the RZ group 

differed from another genetic group (p<0.05). On 
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the other hand, groups of poorest performance were 

Z, ABZ, and BAZ, and a non-signifi cant difference 

was found between themselves (p>0.05). Similar 

to W18, RZ group had good performance in this 

agroecological region, as well as in E1 and E2.

Phenotypic stability analysis. The most stable 

groups for W24 were ZAZ and HZ (Table 3), which 

had relatively lower variances. On the other hand, 

the least stable groups were Z and ABZ (Figure 2).

Performance and stability analysis: Groups 

performed in different ways in each agroecological 

region. It Z group was the best performance in E2 

but it was the worst in E1 and E3. 

When the BLUP’s of the main effect of genetic 

group were confronted with the BLUP’s of the 

GEI effect for W24 (Figure 1c), ZAZ in E1 and E3 

(right-upper quadrant) had good BLUP values. This 

group showed negative BLUP in E2, although close 

to the average, and it was the most stable group 

(Figure 2). Group AZ had medium stability with 

good BLUP values where it was evaluated (E1 and 

E2). Groups HZ and RZ, which performed well 

in E3 had negative BLUP’s in E1. The contrary 

happened with BZ, which performed well in E1 and 

E2, but had negative BLUP’s in E3.

On the other hand, the lowest performance groups 

(Figure 1c, left-lower quadrant), ABZ, RAZ, and Z 

had the lowest BLUP’s values and stability (Figure 

2). Several BLUP values were also calculated for 

those groups in the zones where they were tested. 

Thus, ABZ had the lowest values in E1 (ABZ1), 

while RAZ had the lowest in E1 and E2 (RAZ1 and 

RAZ2), and Z had the lowest in E1 and E3.

Comparative analysis

Table 1 summarizes the best and worst genetic 

groups in each agroecological region for each trait, 

according to performance and stability.

Discussion

Although in the GEI was non-signifi cant in this 

study the GEI has been reported to be signifi cant in 

several research studies, for example Domínguez 

et al. (2003) analyzed weights and gains of weight 

from different ages in México (including W12 and 

W18), and reported signifi cant differences for GEI. 

They concluded that productive performance for 

each genetic group differs according to specifi c 

herd management. In Argentina, Molinuevo (1998) 

conducted a lineal regression analysis of gains of 

weight for genetic group and season combinations 

to determine GEI and compare high versus low 

growth potential steers fed on different pasture. 

The high potential groups were superior when the 

conditions improved. Carvalheiro et al. (2006) 

compared several Nellore x Hereford crossbred 

in different environments in Brazil. They reported 

signifi cant differences for GEI on pre-weaning 

weight.

Genetic group by agroecological region 

interaction 

Weight at 12 months of age

Agroecological region 1 (E1). in this region, 

genetic groups with AZ dams had the best 

performance. An exception occurred when the sire 

was 75% A x 25% Z (group AZAZ), for the high 

percent of Angus which revealed signs of lack of 

adaptation to this region. Similarly, groups with 

Angus sires (AZA and ABZ groups) showed low 

performance. Schatz et al. (2005), reported that 

under tropical conditions, increasing Bos taurus 

proportions decrease post weaning growth. 

Agroecological region 2 (E2). When groups 

combined Z dams with Bos taurus sires breeds (no 

including Creole breeds), the performance of W12 

was increased in this region. The AZAZ group, 

which had a high performance in E1, but had a poor 

performance in E2, showed a very strong GEI. 

Agro ecological region 3 (E3). The non-

signifi cant difference found may be because the 

agroecological region ha s the best environmental 

conditions for development of all the genetic groups. 

Phenotypic stability analysis. Groups with AZ 

dams were the most stable when combined with 

Zebu or Creole breeds as the paternal group (BAZ, 

RAZ and ZAZ); but when the sire was AB, animals 

showed lower stability (ABAZ). In conclusion, 

when three breeds are crossed, AZ dams transmit 
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higher stability, so they should be considered for 

genetic improvement programs. 

Performance and stability analysis: Difference 

in the performance of the group ABAZ in E1 and 

E2, underlies the importance of GEI analysis. 

However, this group showed a low stability, which 

means that it requires specifi c agroecological 

conditions to improve its performance.

The ZAZ group  performed well in E1 and E2, 

while ABZ (the least stable group) performed 

poorly here. This could be explained by post-

weaning adaptation factors of ABZ or by the lack 

of precocity of ABZ provided by Blanco Orejinegro 

(which is not present in the ZAZ group). This 

could also be explained by the low Bos indicus 

proportions in the ABZ group. And also it may 

explain the fact that the AZA group (composed by 

the same breeds as ZAZ, but in inverse proportions) 

performed poorly and had lower stability.

Weig ht at 18 months of age

Agroecological region 1 (E1). ABAZ, SZ, 

and BZ genetic groups had best performance for 

W18. AZAZ and Z genetic groups were the worst 

performers for W18 (Fig. 1b), with a non-signifi cant 

difference between themselves (p>0.05), but they 

showed signifi cant differences from the others groups 

(p<0.05). According to Molinuevo (1998) similar 

results were obtained in Angus crossbreds for different 

feeding systems. Frisch and Vercoe (1984), Brown et 

al. (2001), and López and Vacaro (2002) also reported 

opposite results for several European crossbreds 

compared to Brahman under tropical conditions. This 

was explained by the high productive potential of Bos 

taurus and the high adaptive potential of Zebu, which 

can or cannot be expressed according to the prevalent 

environmental and management conditions.

Agroecological region 2 (E2). The differences 

found between groups at 12 months of age were lost 

6 months after. This may be because the environments 

have an important effect in early stages of animal 

development (Meyer et al., 1993; Elzo et al., 1998).

Agroecological region 3 (E3). In this region, 

crossbreds with AZ dams continue to be productive 

at 18 months, but when the Romosinuano was 

included in crossbreds of three breeds it showed 

a disadvantage in this period, underlying the 

importance of the specifi c adaptations of crossbreds.

High heterosis levels and the balance between 

productive and adaptive potential of Bos taurus and 

Zebu explain the high performance of F1 crossbreds 

(Madalena, 2001; López and Vacaro, 2002; Plasse, 

2003; Carvalheiro et al., 2006). This may be one of 

the advantages of Colombian Creole cattle which is 

Bos taurus mainly. 

Phenotypic stability analysis. As for W12, 

the group ABAZ was the least stable, and the HZ 

group had the lowest variance. This suggested the 

need of making specifi c recommendations to each 

agroecological region, with the objective of increasing 

the stability of the production of beef cattle. 

Performance and stability analysis. Differences 

in the performance of some groups in the different 

regions indicate the importance of the GEI analysis, 

in order to improve the meat production in each 

environment. 

The AZ group had a good performance in E2 and 

E3, while BZ group had a poor performance in E1 

and E2. However, the AZAZ had a low performance 

in both environments. It should be noticed that 

groups with good performance were F1, while the 

AZAZ group (which performed also poorly for W12 

in those zones) had a different genetic composition 

(5/8 Angus x 3/8 Zebu).

The differences in stability of different genetic 

groups are in agreement with Frisch and Vercoe 

(1984) and Hartman (1990), who recommended 

specifi c genetic groups for specifi c environments.

Weight at 24 months of age

Agroecological region 1 (E1). The performance of 

Z, ABZ, and AZAZ groups coincides with their lower 

performance for W12 and W18 in this environment. 

Madalena (2001) and López and Vacaro (2002), 

reported a tendency to favor F1 crossbreds. 

Molinuevo (1998) in Argentina, Frisch and 

Vercoe (1984), and Brown et al. (1997) in tropical 
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conditions, highlighted heterosis between Bos taurus 

and Zebu, which would express depending on the 

management and conditions supplied. 

Agroecological region 2 (E2). The results in 

this region support the idea of the farmers that 

having animals with a Zebu genetic composition 

in this environment (with poorest soils), is the best 

option. For another type of environment the use of 

Zebu animals are not necessary. Reports by Frisch 

and Vercoe (1984), Brown et al. (1997), Brown 

et al. (2001), and Beffa (2005), do not show clear 

conclusions when comparing several crossbreds of 

Zebu with Bos taurus under tropical conditions. The 

common conclusion is conducting additional research 

in order to establish specifi c environments for 

specifi c lines or crossbreds. Other researchers, such 

as Madalena (2001), López and Vacaro (2002), Plasse 

(2003) and Carvalheiro et al. (2006), have reported a 

slight tendency to use F1 crossbreds in beef cattle.

Agroecological region 3 (E3). This result in 

this region shows that the RZ genetic group did 

not show differences between ages, and it is a 

good option for beef cattle production in Colombia 

(Martínez, 1998; Torregrosa et al., 2006).

Phenotypic stability analysis. Results of 

phenotypic stability analysis suggest that in ages, 

with no maternal infl uence, the ability of animal 

growth is strongly infl uenced by their genetic 

composition and environmental conditions in which 

animals grow.

Performance and stability analysis. The 

difference in the performance of genetic groups may 

be because Zebu has a good adaptation in fertile 

and poor soils, but when conditions improve, other 

groups have higher performace (e.i, the ZAZ group).  

Comparative analysis

Although the GEI was observed for the three 

traits, it was also observed that several groups had 

a high performance in most of the environments for 

several traits. Groups AZ, ZAZ, and BZ had high 

performance in E1 and E2. Groups ABZ, RAZ, and 

AZAZ showed low performance for all three traits 

in several environments. Thus, when breeds such 

as Angus is introduced, the results will depend on 

different factors, including breed complementarity, 

breed proportion, and selection of sires and dams. 

This is in agreement with those results reported by 

Hartman (1990), Molinuevo (1998), and Madalena 

(2001).

GEI were  signifi cant for W12, W18 and W24. 

Some genetic groups showed high performance in 

specifi c agroecological regions. Groups that had high 

performance for a particular trait, did not necessarily 

perform well for the other traits evaluated. This 

could be due to factors such as adaptability, 

precocity, heterozygosis, breed proportion, weather 

and soil conditions, or other conditions and 

management present in each farm. However, some 

groups excelled in most zones for most of the traits, 

such as AZ, ZAZ, and BZ. On the other hand, groups 

such as ABZ, RAZ, and AZAZ performed poorly for 

the three traits in almost all of the regions. The ideal 

Bos taurus proportions for W12, W18, and W24 is 

close to 50%, when this proportion increases, the 

response for the evaluated traits decreases. 
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